NOTICE

INTRODUCTION Age
A large body of literature associates quantitative changes in information processing speed with the cognitive reductions attributed to aging. This literature indicates that the perceived cognitive reduction is perhaps more an issue of processing speed rather than an actual cognitive deficit (Cerella, 1985 (Cerella, , 1990 Hale, Myerson, &Wagstaff, 1987; Myerson, Hale Wagstaff, Poon,&Smith, 1990; Salthouse, 1985 Salthouse, ,1991 Myerson &C Hale, 1993) . Some of the differences reported in simple reaction times from one task to another are accounted for by the nature of the task; however, in all psychomotor functioning tasks, age differences are apparent to some extent. This tendency is not restricted to a particular sensory modality or to a specific psychomotor response. (Davies, Taylor, & Dorn, 1992) . Cerella (1985) reviewed 35 studies on the decline in cognitive functioning in older age, comparing subjects 60 years and older with those below 60 years of age. His meta analysis demonstrated a slowing of sensory-motor processes, but found that it was less severe than the slowing of higher order processes. In a recent study, Salthouse (1991) demonstrated that, even though some differences in cognitive performance may be due to decreases in working memory, many age differences are seen largely due to reductions in the speed to carry out simple elementary processing operations. This contention was further supported by Hale, Lima, and Myerson (1991) in their study showing that older adults evidenced slower choice reaction times than younger adults.
Additionally, Lima, Hale, and Myerson (1991) reported that as task complexity increased so did the reaction times of older adults. Older adults were found to be slower than younger adults when performing non-lexical tasks, and the decrement doubled on lexical tasks. Birren (1974) attributed mental processing time decrements to a basic neural slowing in the central brain mechanism, which results in a slowing of certain mental processes. Spiruduso and Clifford (1978) found an exception to this generalization, in that physically active older men (age 50-70) had both faster reaction times than their age cohorts, who were sedentary, and reaction times that were comparable to, or better than, those of sedentary college students in their twenties. As well, physical fitness training of older adults has produced improved psychomotor reaction times (Spiruduso & MacRae, 1990) . These studies support the contention made by Birren (1974) that the slowing in mental processing is directly proportional to increases in blood pressure, regardless of age. That is, people with higher blood pressure tend to respond slower than those with lower blood pressure.
Alcohol
Although few studies in the alcohol literature have included an age variable in their research designs, alcohol has been demonstrated to increase the performance decrements of older aged subjects in our laboratory (Collins & Mertens, 1991) . Other studies have also indicated that alcohol has a more profound effect on older individuals (Linnoila, Erwin, Ramm, and Cleveland, 1980; Morrow, Leirer, and Yesavage, 1990) . Collins and Mertens (1991) demonstrated an age by alcohol interactive effect in their study of two groups of male subjects, ages 30-39 and 60-69 years old using a multi-task instrument. Subjects attained mean peak blood alcohol concentrations (BACs) of .088%. Older age subjects performed more poorly under alcohol conditions than did the younger age group on all but one task presented. They also exhibited more performance decrements under high work load demand than did the younger subjects.
In a study comparing men, all light to moderate drinkers, of age 25 to 30 with those 35 to 40 years old, at BACs of .05, .08, and .12%, Linnoila et al. (1980) demonstrated significant age and alcohol effects but no significant age by alcohol interaction (p< .057). With only 10 subjects per group they believed the study lacked sufficient power to demonstrate a significant interaction. Since their age by alcohol interaction trend was strong (p< .057), t-tests were performed between the two groups and yielded a significant difference in performance at placebo, .05, and .08% BACs. They concluded that "age and alcohol have a deleterious synergistic effect on tracking performance" (p.494). Morrow et al. (1990) tested non alcoholic social drinking male pilots to determine if age and alcohol would produce significant impairment differences between older subjects (mean age 42.1) and younger subjects (mean age 25.3) at .04 and .10% BAC, during simulator flights. The results of that study indicated that some aspects of performance (e.g., heading errors) did not appear to be significantly impacted by alcohol; however, there was an increase in altitude errors and in a combined-variable summary score for performance errors. These differences were more prominent for older subjects. In a later study, Morrow, Yesavage, Leirier, Dolhert, Taylor, and Tinkenberg (1993) failed to replicate the age related differences in performance.
Of particular interest were the effects of low doses of alcohol and their interaction with age. The eighthour "bottle to throttle" rule has long governed behavior of the general aviation pilot with respect to alcohol consumption and flying. In 1985, Part 91 of the Federal Air Regulations (FAR) was modified to include a rule that no one could act or attempt to act as an air crew member with a blood alcohol concentration of 0.04% or higher. A year later, the regulation was modified to include an "implied consent" provision, under which the crew member is required to submit to an alcohol test when requested by a law enforcement official. One possible shortcoming of this regulation is that it may imply to some pilots that it is safe to fly with a BAC that is not higher than 0.04%. Despite the existence of these regulations, a recent postmortem inquiry found that 9.8% of general aviation fatal accidents during 1993 involved pilots with a BAC of 0.04% or higher (personal communication with Dr. Dennis V. Canfield, Toxicology and Accident Research Laboratory of the Civil Aeromedical Institute, Oklahoma City, Oklahoma). The National Transportation Safety Board, in their review of the accident statistics, "...believes that the presence of any alcohol in a pilot's blood jeopardizes safety" (p. 2, in Ross, 1988) . These observations and conclusions raise a number of questions concerning the effects of low levels of alcohol on performance in flight and the potential efficacy of the existing regulation.
In a review of the literature concerning the effects of alcohol on driving-related behavior Moskowitz and Robinson (1988) , report that behavioral skills impairment was observed in 158 out of the 177 studies. Of those studies, 35 reported that impairment was detected at BACs of 0.04% or less. After grouping the studies into nine behavioral skills categories (i.e., reaction time, tracking, concentrated attention, divided attention, information processing, visual functions, perception, psychomotor skills, and driving) the authors concluded that impairment would first be noted on divided attention tasks and then on tracking performance. Vigilance appeared to be least likely to be affected by low to moderate levels of alcohol. An updated review of the literature (Holloway, 1994) provides additional support to those conclusions. Billings, Wick, Gerke, and Chase (1972) were the first to determine the effects of alcohol on pilot performance during an actual flight in a Cessna 172. They demonstrated that when pilots flew under the influence of a BAC of 0.04%, a significant increase in "major" procedural errors was found. Other aspects of pilot performance did not show any significant performance decrements. At about the same time, Gilson, Schroeder, Collins, and Guedry (1971) found that performance on a localizer/glide slope tracking task, administered during angular motion, resulted in a significant performance decrement at an average BAC as low as 0.027%, under the lower of two levels of instrument illumination. Ross and Mundt (1986) assessed the effects of alcohol (0.04% BAC) on the simulator performance of pilots and non-pilots during straight and level flight and during an unusual attitude flight segment where attention was diverted by other tasks. Alcohol significantly impaired performance on some tasks and this impairment was most evident in recovery from unusual attitudes.
In a recent study using four air carrier crew members, Billings, Demosthenes, White, and Ohara (1991) found that their classification of "serious" errors, but not the overall number of errors, increased significantly at a BAC of 0.025% when compared to baseline. However, at the 0.05% BAC level, both the serious errors and the overall number of errors were below those obtained at the 0.025% BAC level. Most recently, Ross, Yeazel, and Chau (1992) , using several different simulator profiles, found that low BACs did affect some aspects of pilot performance. The effects were observed most frequently under the heaviest workload conditions. They also reported that, while subjects reported mental and physical effects of alcohol, they were still able to carry out a majority of the flight tasks without significant alcohol-related impairment. As mentioned earlier, Morrow et al. (1990) also assessed the effects of low BACs on pilot performance during simulator flights and found that some aspects of performance did not appear to be significantly impacted, but there was an increase in altitude errors and in the combined-variable summary scores.
It is understood from this brief review of the alcohol literature that the tasks most often affected by alcohol ingestion require, in part, the component abilities of divided attention and multiple tasking. As the first of a series of investigations into the effects of low levels of alcohol, simplified cognitive tests were selected for this study as representing some of the basic parameters of performance in an operational aviation environment. Several tests comprising the recently developed COGSCREEN Battery (Horst & Kay, 1991a; 1991b; Kane & Kay, 1992 ) possess these qualities. During the development of this test battery for clinical purposes, two of several design goals were "...comprehensiveness with respect to range of cognitive functions assessed..." and the "...inclusion of tasks assessing cognitive abilities required for aviation safety..." (Kane and Kay, 1992, p.55) . Hence, the component measures of divided and shifting attention, and combined tracking were of particular interest.
Previous findings illustrate that, on selected tasks, both age and alcohol can significantly impair performance. However, the potential interaction of those two factors is less clearly understood. This study was, therefore, designed to determine the effects of age and interactive effects of age and alcohol on cognitive functioning. Further, because a study by Obitz, Rhodes, and Creel (1977) indicated that a high level of subject attention (and perhaps motivation) could be maintained with monetary incentives, and that incentives could affect task performance even under alcohol conditions, an incentive condition was also included in this study.
METHOD
Subjects. A total of 61 men and 11 women were selected for this study-a gender ratio approximating that present in the general aviation pilot community. All subjects were screened with the Cahalan, Cisin, and Crossley (1967) Quality-Frequency-Variability Index to ensure that their drinking patterns conformed to that of "moderate" drinkers. Subjects were also screened to confirm that they were not taking drugs (over-the-counter, prescribed, or illicit) before or during the experiment. They were also instructed not to consume any alcoholic beverages (including beer and wine) on the day prior to participating in the experiment or during the test days.
Forty-eight subjects were offered "bonus" money, in addition to the sum that they were earning by participating in the study, as an incentive to maintaining a high level of performance. Each was offered a monetary reward of $8.00 per session if his/her performance on the pre-drinking session and the three post-drinking sessions exceeded that obtained in the last training session (held the previous day) on at least five of the measures that were being examined. Table 1 shows the number of subjects selected for each condition and group. Three experimental alcohol/incentive groups comprised 12 subjects each in 3 age categories (27-32, 42-47, and 57-62 years) . The mean age for each group was 29.8, 43.5, and 58.8 years old, respectively. Four subjects in each age category comprised the control/incentive groups (ingesting the placebo drink mixture). The alcohol/non-incentive The battery runs on a standard IBM PC-AT or compatible, under the DOS operating system, and uses a light pen as the primary input device for all tests except tracking, which uses the arrow keys on the standard keyboard (Horst & Kay, 1991a; 1991b) . Nine of the tests from the COGSCREEN test battery were selected for this study. The tests were always presented in the same order. Brief descriptions of the nine tests are in Appendix A. A list of the variables measured and the types of data collected for each test are shown in Table 2 .
Breath Alcohol Measurements. Breath Alcohol (BrAC) measurements provide rapid, inexpensive, and reliable assessment of an individual's alcohol level. BrACs are measured in terms of grams per 210 liters of air and provide readings that the legal and scientific communities consider representative of measures reported for blood alcohol concentration (BAC). BrACs were measured in the laboratory using a CMI, Inc. Intoxilyzer 5000, which measures a breath sample and reports its corresponding BrAC within 90 seconds.
Alcohol Condition. Subjects were instructed to pace their drinking so that they would consume one drink every seven and one half minutes. Each subject in the alcohol condition was given 1.62 milliliters (ml) of 80 proof vodka per kilogram of body weight (.505 g/kg), in two drinks mixed with orange juice and two ounces of crushed ice. This amount was derived by multiplying the Moskowitz, Burns, and Williams (1985) formula by 1.15, after adjusting for using 80 proof vodka. There were a few subjects who did not reach the desired level using this formula, in which case they were given a "booster" drink of 0.034 ml per kg of body weight (.011 g/kg)-a modification of the Lentz and Rundell (1976) formula, corrected for using 80 proof instead of 95% alcohol content.
Control (Placebo) Condition. In the control condition (four persons in each age category), subjects were given two drinks of orange juice and crushed ice with 5 ml of vodka floating at the top of each drink. As such, subjects could detect the odor and perhaps a slight taste of the vodka without ingesting enough alcohol to raise BrACs above the Intoxilyzer's "noise" level PROCEDURE Four experimental sessions were conducted during the afternoon on each of two consecutive days. On the first day, subjects were given a brief explanation of the purpose of the study, followed by a general overview of the computer tests involved. They then read and signed a consent form, were weighed, given a breathalyzer test, and participated in an initial The initial session was a self-paced practice session that ran from 30 to 45 minutes in length. Subjects were allowed to ask questions during and following the initial session, but proceeded on their own after that session. The subsequent computerized test sessions, which did not include detailed instructions, were also self-paced, and took approximately 30 minutes each to complete. Each of the four sessions conducted on Day 1 was followed by a 15-minute break, during which subjects could read magazines, watch television, or just relax quietly. All responses to the tests were made through touching the CRT screen with a signal light pen, with the exception of the tracking task, which involved using the right and left arrow keys on the keyboard. Auditory (error) feedback occurred during the last three tests. Data were verified after each computer session to assess learning, check the programs, and determine if the incentive subjects were to receive additional "bonus" money.
Following the fourth session, subjects were instructed to return the next day at the same time. They were to eat a moderately sized lunch approximately 30 minutes prior to their arrival. They were also reminded not to consume any alcoholic beverages or medications during that evening.
On the second day, subjects took a baseline breathalyzer test upon arrival to assure their 0.00 BrAC status and then completed the first (baseline) computerized test session. After the baseline session, subjects were given 15 minutes to consume each of two drinks. Since blood alcohol levels are known to drop at the rate of approximately 0.004 every 15 minutes (Dubowski, 1985) , and since the computer sessions were approximately 30 minutes in length, subject BrACs going into each testing session were 0.004 higher than the experimentally targeted BrACs of 0.04, 0.027, and 0.0135% in an attempt to have the target value be the average of each session.
Fifteen minutes after the second drink, the breathalyzer tests were resumed until the subjects had reached their BrAC peaks, and had then dropped to 0.044% BrAC on the descending limb of their blood alcohol curves. The first of three post-drinking test sessions was then conducted, after which a breathalyzer measure was obtained to permit the calculation of average BrAC of each subject during that test session. Breathalyzer tests continued until 0.031 was reached, and the second post-drinking session was conducted, again followed by breathalyzer tests until 0.018 was reached, when the subjects were given the final postdrinking session. After the final post-drinking test session, BrACs were determined periodically until a 0.00 level was reached. Subjects were allowed to leave the testing site shortly thereafter.
Design and Analysis. Two designs were used in this study. Control group subjects (N=24) in the three age groups were compared on the baseline session and all post-baseline sessions, while the Alcohol subjects (N=36) in the three age groups were compared on the baseline session and all alcohol condition to assess the effects of age on performance. Then, each of the three age groups of alcohol subjects was compared across the (pre-drinking) baseline session and three alcohol conditions to the mixed age control group (ingesting a placebo mixture throughout), to assess the effects of blood alcohol levels.
RESULTS
Prior to analysis, all measures were examined through various SPSS programs for accuracy of data entry, missing values, and fit between data distribution and the assumptions of multivariate analysis. Missing values were replaced with cell means according to acceptable statistical procedures (Tabachnick & Fidell, 1989) . Outliers, those scores falling three standard deviations above or below the mean, occurred less than 1% of the time and were also replaced with cell means. No casewise deletion of scores was necessary after these procedures.
The incentive vs. non-incentive condition comparisons showed no significant differences between groups. A decision was made to pool data. However, during data acquisition, several computer failures occurred with the non-incentive alcohol group. Though these subjects were rerun at the time of the failures, their data were excluded from the overall analysis, obviating the pooling of data across alcohol groups; however, data from the control/non-incentive group were combined with the control/incentive group. As a result, a total of 60 cases was used in the final overall analysis (36 alcohol subjects and 24 control subjects). Age Differences. Three categories of age-younger, middle, and older with 20 subjects in each group were compared in a multivariate analysis of variance (MANOVA) with SPSS for the 25 measures listed in Table 2 . The results of the MANOVA yielded a significant difference on 20 of the 25 baseline measures. The means and standard deviations for all 25 measures are listed in Table 3 , and a summary of the MANOVA is presented in Table 4 .
Posthoc tests using Tukey's Honestly Significant Differences (HSD) were performed on the 20 significant measures identified from the MANOVA. Results from the HSD tests are presented in Table 5 .
The HSD results show that of the 20 measures identified as significant by the MANOVA, significant mean differences (p. <.05) were found on all baseline measures between the younger and older age groups, with the younger group means being lower on MRT and higher on number correct. The mean number of lost rules on the shifting attention task was also lower for the younger age group. The means of the younger Stability of Age Differences Across Sessions A MANOVA, using only the 36 alcohol subjects, was performed, contrasting the baseline and all post-drinking sessions across the three age groups to test for the stability of age effects across the (alcohol) sessions. As summarized in Table 6 , the MANOVA yielded significant age effects on 15 of the 25 baseline and 13 (.040%), 11(.027%) and 10 (.014%) of the 25 on the alcohol sessions measures. Of the seven significant MRT measures at the baseline session, three remained significant on all of the post drinking trials. The four non significant mean reaction time measures on the final trial were symbol digit coding immediate recall, visual comparison, visual comparison with dual tasking, and symbol digit coding delayed recall. The mean reaction time for shifting attention decisions showed significant age effects at all post-drinking sessions, but no significant age effect at the baseline session. The reduction in the number of significant age main effects for the post-drinking sessions was attributed to a reduction in the performance levels between the older and younger age groups in 15 of 20 cases. In most of these cases, the older age subjects improved performance, whereas, the younger age group demonstrated a performance decrement. The remaining five were attributed to an elevation of the within-subject variability. Table 13 in Appendix C displays the performance measure, non-significant BrAC level (Post-drinking session), and type of change in performance.
A MANOVA, using only the 24 control subjects, was performed comparing the baseline and final nonalcohol sessions across the three age groups to test for the stability of age effects across the (control) sessions. These findings showed consistency across sessions. As summarized in Table 7 , the MANOVA yielded significant age effects on 18 of the 25 measures for each of the baseline and 3 post-baseline sessions. Of the 10 significant MRT measures at the baseline session, 8 remained significant at all post-drinking sessions. The 2 non-significant mean reaction time measures were symbol digit coding immediate recall and divided attention visual comparison. The number of lost rules for shifting attention decisions and symbol digit delay recall number correct showed significant age effects at all post-baseline sessions, but no significant age effect at the baseline session.
Following the analysis of the age-related performance data, the subjects were re-configured for the "age by alcohol" analysis. Three categories of ageyounger, middle, and older with 12 subjects in each group-and a control group (N=24) comprised of 8 subjects from each age category, were compared across the baseline (pre-drinking, 0.00) session and 3 levels of intoxication-0.04, 0.027, and 0.014% BrACs in a doubly repeated MANOVA (Tabachnick and Fidell, 1989) with SPSS.
Alcohol/Session Differences A MANOVA, using the 36 alcohol subjects, was performed across all preand post-drinking sessions to identify measures evidencing an alcohol/session effect. The results of the MANOVA are summarized in Table 8 .
Three of the 13 significant main effects for the alcohol/session variable posthoc analysis revealed significant mean differences in the direction that suggests an alcohol pattern: dual task previous numbers MRT, symbol digit delay recall correct, and visual comparison MRT with dual tasking. These measures are also those which demonstrated a significant age by session interaction, and the posthoc analysis are discussed in more detail in the next section.
Alcohol and the Alcohol/Session interaction The results of the MANOVA indicated that significant age by alcohol session interactions were obtained only for three measures; performance means and standard deviations for those measures are presented in Tables 9-11 . The interaction effects included the mean reaction time (MRT) of both the dual task previous numbers (F 699 =2.39, p.=.0l4), and the symbol-digit delayed recall (F fi99 =2.04, p_=.038) task, and the number correct measure for the symbol-digit delayed recall task (F 699 =2.90, p_=.003). The divided attention visual comparison MRT measure showed a borderline nonsignificant effect with a trend similar to the dual task MRT measure. A test for simple effects was performed for each of the significant interactions. The results of these tests revealed significant differences for the dual task previous numbers MRT for both age (F2 33 =3.92 p.=.013) and session (F 233 =7.02, p_<.001), symbol-digit delayed recall MRT for age (F 233 =2.98, £=.039) only, and symbol-digit delayed recall number correct for both age (F 233 =3.00, p_=.038) and session (F 233 =4.22, £=.007).
ATukey's Honestly Significant Differences (HSD) test was performed on the cell means for the significant simple effects and yielded significant mean differences (p<.05) for the dual task previous numbers MRT, the symbol-digit delayed recall MRT, and number correct measure for the age variable. Simple effects tests on the session variable produced mean differences on the symbol digit delay recall MRT and number correct, and visual comparisons with divided attention MRT. The results of those tests are explained below for each measure. Figures 1-3 display each effect, respectively. Figure 4 displays the divided attention visual comparison MRT trend. For other trend information, means and standard deviations for all non significant measures are shown in Table 12 of Appendix B.
The dual task previous numbers MRT measure yielded significant mean differences during all four sessions for the age variable and one significant mean difference for younger age subjects on the sessions variable (Figure 1 ). Mean differences were detected at the baseline (pre-drinking) session between the younger and older age groups, the younger age group and the control group, the middle and older age groups, and the middle age group and the control group. Significant mean differences were demonstrated at the 0.04% session between the older age group and both the younger age group and the control group. The 0.027% session yielded one significant mean difference, that between the younger and older age groups. The only significant mean difference at the 0.0135% intoxication session occurred between the younger age group and the control group. The only significant mean difference for the session variable was in the younger age group between the baseline and the .027% session, in the direction expected for an alcohol effect.
The symbol-digit delayed recall MRT measure (Figure 2 ) showed significant mean differences for the age variable at the baseline session between the older and younger age groups, and between the older and middle age groups, and significant mean differences on the sessions variable for the younger age group. There was a mean difference at the 0.04% session between only the older and the younger age groups. The only significant mean difference for the session variable was for the younger age group between the baseline and the .014% session, in the direction that suggests an alcohol effect. The symbol-digit delayed recall correct measure (Figure 3 ) yielded significant mean differences for the age variable and the session variable. The significant mean differences for the age variable were between the younger and older age groups at both the baseline and the 0.04% session. The only significant mean difference for the sessions variable was for the older age group between the baseline and the .04% session, in the direction that indicates an alcohol effect.
Posthoc analysis for the Divided Attention Visual Comparison MRT measure (Figure 4 ) indicated significant mean differences for the age variable and the session variable. The significant mean differences for the age variable occurred at both the baseline and the 0.04% session between the younger and the middle and older age groups. Significant mean differences for the sessions variable were between the baseline and the 0.04% session for both the older and middle age groups, in the direction that indicates an alcohol effect. The younger age group demonstrated a significant mean difference between the baseline and the 0.027% session and between the 0.04% and the 0.027% sessions, in the direction of an alcohol effect for the 0.027% session. 
DISCUSSION
These data support the existing literature concerning quantitative changes in information processing speed with aging (Cerella, 1985 (Cerella, , 1990 Hale et al., 1987; Myerson et al., 1990; Salthouse, 1985 Salthouse, , 1991 Myerson & Hale, 1993) . There was an increase in mean reaction time across tasks and across the three age groups, supporting the findings of Davies, Taylor, and Dorn (1992) that an age effect is apparent, to some extent, across different tasks. Younger age subjects in the study performed significantly faster than older age subjects on all of the baseline MRT measures, and performed significantly faster than the middle age subjects on 70% of the baseline MRT measures. The middle age group was significantly faster than the older age group on 80% of the MRT measures.
The longer MRTs demonstrated by older subjects did not enhance their accuracy when compared to the younger age subjects. Younger subjects produced more accurate (statistically significant) scores on 80% of the tests that measured MRT and number correct. Our older aged subjects demonstrated increasingly longer reaction times as task complexity increased, thus supporting the findings of Lima et al. (1991) . Older age subjects also demonstrated more within subject variance as the tasks became more complex. Two tests proved to be particularly troublesome for subjects over age 40. The shifting attention test required subjects to identify a rule underlying the presented stimuli. The "previous number alone" test required subjects to indicate which number (1, 2, or 3) was displayed after another number appeared on the screen. Younger subjects significantly outperformed both the middle and older subjects on all of the measures for both of these tasks, further supporting Lima et al.
Two potential subjects removed themselves from the experiment on the basis of the computerized nature of the testing process. While unfamiliarity with computers might be perceived as the basis for some of the obtained differences, this seems unlikely, since all tests were administered by computer. Subjects who were computer illiterate were given additional time to familiarize themselves with the computer and overcome their fears on the initial training day. Additionally, the human/computer interaction, with the exception of the tracking task, was solely with the light pen. That mode of interaction placed limited demands on subjects relative to their ability to interact with the computer.
In the overall comparison of baseline (pre-drinking) performance of alcohol subjects with performance on the alcohol measures, the alcohol sessions yielded significant age differences on 52% (.040%), 44% (.027%) and 40% (.014%) of the measures, whereas the baseline session yielded significant differences on 60% of the measures. However, the comparison of control group subjects yielded a significant difference on 72% of the measures for the baseline and all post-baseline sessions. This finding suggests that the alcohol sessions altered (reduced) the pattern of performance differences between age groups, in a way that control sessions did not. The drop in significant age differences on these sessions for alcohol subjects can be attributed to a constriction in the range of scores on the measures between the older and younger age alcohol subjects. Of interest is the last session measures where the older age subjects improved, while the younger age subjects showed a slight decrement in performance. Further research is indicated to determine age-related learning curves as related to test stability with this battery. In age and alcohol research, concerns about stability of performance across measures are important issues. These data indicate that the COGSCREEN test battery is sensitive to decremental effects on information processing time and cognitive reductions associated with aging.
Generally, the results of this study do not support a typical alcohol effect. The MANOVA results indicate significant age and session interactions on 16% of the measures; however, the simple effects tests yielded results that failed to evidence sessional patterns consistent with BrAC levels. It may be that the alcohol levels used in this study were low enough that subjects were able to overcome the effects of the ingested alcohol by motivation. However, the alcohol sessions did appear to reduce differences between the age groups.
APPENDIX A BACKWARD DIGIT SPAN
Groups of three to six digits are presented sequentially, with the subject being required to reproduce each sequence in reverse order.
VISUAL SEQUENCE COMPARISON
Pairs of alphanumeric strings, four to eight characters in length, are presented simultaneously on the right and left halves of the screen. The subject indicates "same" or "different" for each pair of strings, with "same" meaning the same characters in the same positions.
SYMBOL DIGIT CODING
Six paired symbols and digits are displayed near the top of the screen throughout the test. Farther down the screen a row of symbols are presented in random order, with associated blank spaces. The subject fills in the associated digit for each symbol, referring to those displayed at the top of the screen.
SYMBOL DIGIT CODING-IMMEDIATE RECALL, DELAYED RECALL
Immediately after the Symbol Digit Coding Test, and again after an approximately 30 minute delay, the six symbols appear in random order and the subject's task is to recall the digits that had been paired with each of the six symbols.
MATCHING TO SAMPLE
A grid pattern with filled and empty cells (the "sample") is presented briefly, followed after a short delay by that same pattern along with a slightly different "foil" pattern. A forced-choice response is required, with the subject indicating the grid pattern that is the same as the one presented previously.
DIVIDED ATTENTION
In the upper half of the screen a horizontal bar moves continuously up or down within a circular display, changing direction at unpredictable times. The subject is instructed to respond when the moving bar passes from the center region of the circle into the upper or lower regions, which are delimited by a different color. This response temporarily returns the bar to the center of the circle. This monitoring task is performed alone and concurrendy with a Visual Sequence Comparison task.
SHIFTING ATTENTION
Four response boxes are displayed near the bottom of the screen, one with a colored border, one with an uncolored border, one with no border both containing a colored arrow pointing right, and one with no border but with an uncolored arrow pointing left. Stimuli are displayed in a similar box above this row of response boxes. There are five conditions, requiring the subject to respond according to different rules.
DUAL TASK TRACKING
There are two tasks, each performed separately and then concurrently. One is a second-order compensatory tracking task in which the subject taps the right and left arrow keys on the keyboard in an attempt to center a vertical bar moving along a horizontal line. The other task involves the sequential presentation of three numbers in random order with the subject responding with the light pen as to the previous number presented. APPENDIX B 
